I of the Chick Eye
Cystatins are a superfamily of proteins that inhibit cysteine proteinases, such as papain and cathepsins B. H, and L (15) . Members of this superfamily have been detected in all tissues studied and in extracellular fluids that provide a nutritive and protective role for cells, i.e., saliva (ll), cerebraspinal fluid (CSF) (2,13), egg white (l), and seminal fluid (14).
Previously, we used in situ hybridization to localize the site of cystatin mRNA synthesis in chicken brain (7). Chicken cystatin is similar in S t N Cture and function to human cystatin C (15). In chick brain, cystatin mRNA was localized to the specialized secretory epithelial cells ofthe choroid plexus that elaborate the CSF. We postulated that, in the CSF, cystatin protects the cellular elements of the central nervous system against unwarranted proteinase activity (7).
The aqueous humor of the eye is similar in composition to that of the CSF (9). Neither is produced as an ultrafiltrate of blood plasma, since a blood-retinal barrier and a blood-CSF barrier exist in the eye and the CNS, respectively. Both the aqueous humor and the CSF provide an extracellular environment conducive to maintenance of their respective cellular elements.
The aqueous humor also functions as a refractive medium for the visual process. It is secreted continuously by the ocular ciliary epithelium. Cystatin immunoreactivity was detected in monkey aqueous humor (17) as well as in tears (2).
Given the similarities between aqueous humor and CSF, we have undertaken the study of the site of cystatin synthesis in the eyes of immature chickens using in situ hybridization as previously described (7). Our results indicate that cystatin mRNA localizes specifically to the epithelial cells of the ciliary body (CB) and is not detected in other eye structures. The epithelial cells of the CB are continuous with the pigment epithelial cells adjacent to the retina. However, there is a sharp decrease in intensity of staining at the ora serrata, the junction of the CB with the retina ( Figure 1A) . Similarly, there is a decrease in intensity in the iris, whose pigmented epithelial cells are also continuous with the epithelial cells of the CB ( Figure IB) .
The epithelium of the CB consists of two layers, a pigmented layer and a nonpigmented layer. The nonpigmented cell layer secretes most of the aqueous humor. We cannot distinguish which of the two epithelial layers (or both) contains cystatin mRNA. Cystatin mRNA is not evident in the stroma of the CB or in the sclera, retina, iris. and lens.
Signals were low or absent in sections of the eye hybridized to the control sense strand cRNA probe (Figure 2) .
This result is consistent with the immunological study of Russell and Epstein (17), who reported that the aqueous humor of monkey eye contains cystatin. However, our findings differ from those of Barka and van der Noen (3). who studied the expression of cystatin C in rat eye. In their study, cystatin C mRNA was evident in the sclera and retina and was absent in the CB, cornea, choroid, iris, and lens. In the sclera, in situ hybridization revealed cystatin mRNA in stromal cells. In the retina, strong signals were obtained in the outer nuclear layer, which contains rods, cones, and cytoplasmic processes .of the Muller cells.
It is possible that our results differ from those of Barka and van der Noen (3) because of species variation. Our previous in situ studies of cystatin expression in chicken brain also revealed differences in the site of cystatin expression in avian brain compared to that of mammals (7). Whereas cystatin C expression was demonstrated in a number of areas of mammalian brain (20,21), it was restricted to the choroid plexus in avian brain (7,20). It was suggested that the expression of cystatin C first evolved in the choroid plexus, with additional sites appearing later in evolution of mammalian species (20). It is possible that, in the eye, the site of cystatin synthesis also shifted during evolution from the ciliary epithelium to other cells. However, the aqueous humor of monkeys has been reported to exhibit cystatin immunoreactivity (17). Furthermore, the presence of a signal peptide in the primary translation product of the cystatin mRNA is consistent with production of cystatin by secretory cells (8). It is noteworthy that cystatin mRNA in the chick eye and in the chick brain were both localized to secretory epithelium (7) .
The major function of the cystatins in tissues and biological fluids is believed to be regulation of endogenous or exogenous cysteine proteinase activity (4,5,12), and in some disease states an imbalance of cysteine proteinase to inhibitor activity has been reported (6,10,16,18) . The presence and proposed function of cystatins in other biological fluids, such as seminal fluid (14), saliva (11) . and tears (2,19) , have been studied. However, a precise function for these proteins has yet to be determined. The ubiquitous nature of these molecules clearly suggests that more studies of their synthesis, location, and activities are necessary. 
